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By Herry E. Muirey and Dvalyn G. Wells
SUMMARY

Tests have been mede to deteimine the eflects of wing-tip fuel
tarks on the rolling characteristics of unswept wings. The investi-~
gation included the determinetion of demping in roll, aileron effec-
tiveneas, amd lateral moeneuverabllity of a tamered and of & rectengular
wing. Two tank sizes and two tank locations, which were belleved to
be represcntative of tank instcllatlions uwsed &bt the present, were
investigated. _ _

Results of tests indlcated that wing-tip fuel tanks of alzes
generally used at present incressed the damping in roll and the
ailleron effectiveness of the wings investigeted as much as 4 percent
and 16 percent, respectively. Because the dsmping in roll tended %o
increase more than the aileron effectiveness, & decirease in lateral
maneuverabllity of asg much ag 20 percent resulted from the installa-
tion of the tanks. The effect of the tanks increased with tenk size
and was gensrally greater For tanks mounted out on the tips than far
tanks mounted down under the tips. I

INTRODUCTION

The nscesslty of incressing the range of small alrcraft has
led to the use of externsl, droppsble fuel tarnks. The moat favorable
locatlion of the tanks, particularly at high Mach numbers, appesrs
to be near the wing tips in spite of the fact that fram consideratlion
of mansuverability wing-tip fuel tenks mey be cbJectionsble because
of possible effects on moments of inertie end alleron rolling power.
Unpublished test results have indlcated thabt wing-tip fuel tanks of
sizes generally employed &b the present can increase the lift-curve
slope of a wing approximsately 15 percent end reduce the induced drag
at crulsing 1lift coefficients sufficiently to compensate approximately
for the Increased parasite drag resulting from the tanks.
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Tests were thereforo made of & rectengular wing and of a
tapered wing, each with an aspect ratio of approximstely 6, to
determine the damping in roll. Tests were made of each wing wilth
wing-tip fuel tarks of two slzes and of each wing without tanks.
The effect of aileron deflection in producing rolling moments wes
also measured on the tapered wing. The rolling-flow method of
reference 1 was used.

o

pb/2v

SYMBOLS

4 A Y
rolling-moment coofficient (a—é'-g)

increment of rolling-moment coefficient
3c
z

A\ 3(pb/2v)
dc, )

aileron rolling effectiveness (531
7’

damping-moment coefficlent in roll

rolling moment sbout wind axis
wing srea

gpan of basic wing without tanks
free-~stream velocity

alr mess density

free~stream dynamic pressure (gﬁ)

rolling velocity of wing ebout wind axls
wing-tip helix anglo

aileron deflectién; positive dowm

angle of attack

meximum dismeter of tip tank

taper ratio ( =ip-chord
Root chord
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APPARATUS AND MODEL

Teats were mede in the 6-foot circular test section of the
Langley stability tuncel which is provided with rotating venes to
rotate the flow and thus to simulate rolling Flight with a statlionsry
model. A descrinbion of the rolling-flow epperatus and its operetion
alonz with an experimentel verification of the method is presented
in reference 1.

Two model wings were used for the tests. The geometric charac-
teristlcs of the wings are given in the following table:

Roctanguler wing:

Aree, squeare INCHES + « v + » « + o ¢ 4 4 e s 4 e e« o o+ o s 361
Spen, inches . . . . e e e e e e e e e e e e e e . 48
Mean geametric chord, inches B T T R =
Aspect wablo + « « v . v 4 4 e et v i e e e e s s e . . .. 6.38
Airfoll 8ectiom « « + « « o + ¢ + ¢« + 4 s s+ s s . « « «» NACA 23012

Tapered wing (A = 0.333):

Area, square Inches « + « « « o « « + s ¢ o o o « o« s « o o« 384
Span, INCHOE « « « o+ v « « 4 o s 4 4 e 4 s e s e e e e 48
Mean geometric chord, inches . . . . T s e e e e e s e e s 8
Asvect »ablo . ¢« + ¢ ¢ 0 4 e o 0 . . S e s e s e s oy -6.00
Airfoll section « « - ¢ « . . ...........NACA66,2-216
Ailoron span, inches . . . . . « v e s e e e e e i2
Aileron chord, fraction locel wing chord. v e e e e e . 0.20
Alleron @BD » « « » o s s s s e s s e v ox i e e s o & s &« Sealed

The wing~-tip fuel tanks were obtalned by revolving sabout the chord
line en TJACA =018 airfoil section of basic thickness modified by
fairing straight lines Tfrom the trailing edge to tangent points on
each side of the airfoil. Two sizes of bGanks which had lenghths of
one-third and one-sixth of the wing span (tormed the lerge and small
tanks, respectively) were tested. The tankse werc attached to the
wings in the out and down locations which are defined in figures 1
end 2. TFhobographs of the large tarnks in tho two locations are
pressnted as figuve 3. .

Rolling moments were measured &b verlous angles of attack and
- various rates of roll for the rectangular and tapered wings aud also
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at various aileron deflections with zero rolling volocity for the
tapered wing. Tests were made at & dyneamic pressure of 64%.3 pounds
per squerc foot, which corresponds to an alrepeed of 159 milos per
hour at standard sea-level atmospheric condlitlons. The Reynolds
numbers based on the mean geometric chord were 940,000 eand 1,000,000
for the rectangular wing snd for the tapered wing, respectively.

No Jet-boundery corrections were applied to the data; however,
corrections were estimabed for both the rolling moment and the angle
of attack. The rolling-m:ment correction was determlned from boundary
induced velocity compubed by the method outlined in reference 2 for
a circular tumel. The computation showed the measured rolling moments
to be approximately 0.9 percent high. Because this correction is
within tho experimental error of the measurements, it was not applied
to the data. The correction to the angle of atbtack was obtained from
8 chart in reference 3. The corrccted angle of attack 1s of the order
of 5 percent larger than the geametric sangle of attack. Because the
lift -characteristics of the wings were not avalleble, theo angle-of-
attack correction had to be based on an estimated lift-curve slope
and carnot be rigorously applied to the data.

RESULTS AND DISCUSSION

Results of the tests are presented in figures 4 to 7. In generel,
those data show for all tank configuretions an approximately linear
variation of rolling-moment coeffilcient with pb/2V. These rosults
serve to show the general msgnitude of the tank offects. In any
particular cese the effects wlll depend to scme extent upon the
nature of tho falring between the tanks and the wing.

ifect of Wing-Tlp Fuel Tanks on the Damplng-Moment
Coefficlent in Roll

The varilation of the .amping-moment coefficlent in roll Clp

with angle of atteck for various tank configurations on the tapered
end on the rectengular wing is shown, respectively, in figures 8(a)
and 8(b). A reasonsble agreement is shown in these figures between
the measured values of CZP at small angles of attack for the tanks-

off condition and values obtalined by lifting surface theory from
reference 4 (basod on a section lift-curve slope of 0.10 per degree)-.
Flgure 8 shows thet the effoct.of tanks on CZP increases with the
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size of the tarks and is considerably greater for the tenks-out
configuration than for the tanks-down configuration. Figure 9

prosents the verlaticn of '.";P with terk size for two angles of

attack and indicates that the large tanks In the out location
Increase C-LP about b4 percent at emall angles of atbtack.

Effect of Wing-Tip Fuel Tanks on Aileron Rolling-Moment Effectiveness

The varietion of rolling-moment coefficlent wilth ailleron
doflection for one aileron is shown in figure 5. "Tho slopes of
thege curves through zero deflection 07'5 are an lndication of

the et'fectiveness of the alleron in producing a rolling moment.
Figure 9 shows that Cigy 1s generally increased by the addition

of tanks and that the increase amounts to about 16 percent for the
large tanks.

Effect of Wing-Tip Fuel Teanks on Lateral Maneuverabllity

If the motion of the alrplans 1s constrained to one degree
of freedcm, that is, %o rolling, sand if trensient effects are

neglected, the derivative -@%6@) is an Indication of the
lateral maneuverability of the alrplane. Figure 9 shows thetb

a(ob/fov)

as
decreage 1s about 20 rerce :t for the large tankes out. This decrease
results from the tendency of the damping in roll to increase faster
with tenk size than does the aileron rolling effectiveness.

decreesed generally wilth increasing tenk size; the

Origin of Bffect of Wing-Tip Fuel Tanks .

In order to obtain some informetion regarding the origin of
the effect of wing-tip fuel tanks, the demping moment of the isolated
tarks was obtalned by supporting the tanks on & L-foot-span

%-inch-diameter round rod and by measuring tho rolling moment for

the rod-tanks combination end for the rod alone. The differsnce
between the two measurements is asswmed to be the damping moment
ol the isolated tanks amd is shown in figure 7 along with the
damping of the tbaperod wing with and without the tanks. Also

shown 1s the olfect of the tawks in the presence of the wing which
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ig obtained by subtracting the demplng of the wing alons fram that
of the wing with tenka. Figure T indicetes that & large peart of
the effect of tanke results from interfererice ot end-plate effect
between the tanks and the wing. Data corresyponding to that of
flgure 7, for the rectengular wing, lead tTo the seme conclusion.

CORCLUSIONS

Wind-tunnel testvs have been mede to determine the effect of
wing-tip fuel tanks on the rolling cheracteristice of unswept wings.
Two tank sizes and two temk locatlions were investigated. The
following concluslons wore Indiceaved:

l. Tenks of sizes genereally used at present lncreased the
damping in roll and the aileron effectivenssaz of the wings investi-
gated as much as Ll percent and 16 percent, respectively. Because
the demping in roll tended to increasc more than the alleron effec-
tiveness, a dscrease In lateral meaneuverebillty of as much as
20 percent resulted firom the instellution of the tanks.

2. The effect of the tarnke increesed with tarnk sizc and wes
generally greater for tanks mounbed out on the tips than for tanks
mounted dewn under the tips.

Langley Memorial Aeronautical Leboratory
Natlonal Advisory Committee for Aercnautics
Largley Field, Va., April 4, 1947

e |



NACA TN No. 1317 T

REFERENCES : -

1. MacLachlan, Robert, and Letko, Williem: Correlation of Two
Experimental Methods of Determining the Rolling Cheracterlstics
of Unswept Wings. NACA TN No.1309 , 19h4T.

2. Glevert, H.: The Elements of Aorofoil and Airscrew Theory.
Cembrldge Univ. Press, 1937, p. 190.

3. Silverstein, Abe, and White, James A.: Wlnd-Tumel Interference
wilth Particular Reference to Off-Center Positions of the Wing
and to the Downwash at the Tail. NACA Rep. Ho. 54T, 1935.

4. Swenson, Robert S., and Prlddy, E. LeVerne! Lifting-Surface-Theory
Valuss of the Damping in Roll and of the Parameter Used in
Estimeting Aileron Stick Forces. NACA ARR No. LSF23, 1945.



NACA TN No. 1317

Fig. 1

r=24

e—— O

(@ Rec/aﬂyz//ar‘ W/'/?f ’

”

J

r/2”

DI
)

&) 72/0.9/\30/ W/}?j .

Z( ‘/” NATIONAL ADVISORY
/24" COMHITTEE FOR AFRONAUTICS

Flgere [i - Recfornguwlor ome Fooered wizgs wirsb forge Fors ks,
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Tigure 3.-

(a) Taxks out.

Tapered wing with large tanks mounted in the g-foot circular
test section of the Tangley stability tunnel.
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(b} Tanks down.
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